Background: Toll-like receptor 4 (TLR4), a member of the pattern recognition receptors, has been reported to be involved in carcinogenesis. However, the clinical impact of TLR4 in peripheral T-cell lymphomas (PTCL) remains unclear. Methods: The current study, using immunohistochemical staining, first examined TLR4 and programmed cell death-ligand 1 (PD-L1) expression in patients with PTCL, to correlate TLR4 and PD-L1 expression with clinicopathological parameters. Results: It was found that the rates of high expression of TLR4 and PD-L1 were 41.7% and 45.8%, respectively. TLR4 expression was closely associated with PD-L1 expression. The expression of TLR4 was closely related to primary extranodal site involvement, increased Ann Arbor stage, and low hemoglobin expression, while the expression of PD-L1 was closely related to a low platelet count and multiple extranodal organ involvements (>1). High expression of either TLR4 or PD-L1 indicated a poor survival rate for patients with PTCL. Multivariate analyses further confirmed that increased expression levels of TLR4 and PD-L1 are unfavorable prognostic factors for PTCL. Conclusion: This study demonstrates that the expressions of TLR4 and PD-L1 are independent predictors of survival time for patients with PTCL. Thus, TLR4 and PD-L1 may serve as potential therapeutic targets in PTCL patients.
Introduction
Peripheral T-cell lymphomas (PTCL) are a heterogeneous group of mature T-cell neoplasms whose aggressiveness may vary depending on the subtype. 1 PTCL display a wide geographical heterogeneity that accounts for 22-25% of all aggressive lymphomas and 10-15% of all the non-Hodgkin lymphomas (NHLs) in China, which is a significantly higher proportion than that of European countries. 2 Although targeted therapies and comprehensive treatments have made rapid progress, the outcome of PTCL still remains poor. With the notable exception of ALK + anaplastic large cell lymphoma (ALCL), the prognosis of most PTCL subtypes is extremely poor, with a 5-year overall survival (OS) of approximately 15-30% reported in most studies. 3 Thus, the treatment of PTCL is becoming the most challenging area for clinicians. As the first identified human Toll homolog, toll-like receptor 4 (TLR4) is a critical player in both innate and adaptive immunity. 4, 5 Initially, TLR4 expression was thought to be restricted to immune cells, but recent studies have shown that TLR4 is also highly expressed in some types of cancer cells, including colon cancer, 6, 7 pancreatic ductal adenocarcinoma, 8 non-small cell lung cancer, 9 and hepatocyte carcinoma. 10 Some researchers have shown that high TLR4 expression is related to poor prognosis in malignant diseases, 6, 9, 11 while others have failed to come to a similar conclusion. 8 For PTCL, the significance of TLR4 expression has not been evaluated. Programmed cell death ligand 1 (PD-L1), a ligand for the T-cell inhibitory receptor PD-1, is a key immunosuppressive molecule by which cancer avoids eradication by the immune system. 12, 13 PD-L1 expression has been found to be positive in 5-40% of tumor cells, 14, 15 and increased expression of PD-L1 is closely related to poor survival rate in some solid cancer patients. 16, 17 We and others also demonstrated that overexpression of PD-L1 indicate a worse survival rate for patients with DLBCL. 18, 19 However, the significance of PD-L1 expression in PTCL remains unclear.
In the current study, using immunohistochemical staining, we analysed TLR4 and PD-L1 expression in patients with PTCL and compared these data with the data regarding clinicopathological features and survival of these patients. The relationship between TLR4 and PD-L1 was also evaluated in this study. To our knowledge, the current study is the first to investigate the relationship between TLR4 and PD-L1 expression in a relatively large population with PTCL.
Materials and methods

Patients and tissue specimens
From January 2006 to October 2015, a total of 144 patients diagnosed with PTCL at the Harbin Medical University Cancer Hospital were enrolled in this study. As nasal NK/T-cell lymphoma (NKTCL) is considered a distinct disease entity associated with specific viral infections, the recommended first-line treatment strategies are different from those of other T-cell lymphomas. 20 Therefore, this study focused on PTCL excluding NKTCL. All cases were reviewed according to present World Health Organization criteria (WHO 2016). 21 Each enrolled patient had complete clinicopathological and follow-up data, including patients' age, sex, histological type, and international prognostic index (IPI) score. The research was approved by the ethics committee of the Harbin Medical University Cancer Hospital. The patients provided written informed consent, and this study was conducted in accordance with the Declaration of Helsinki.
mRNA expression profiles
Gene expression datasets (GSE6338) were downloaded from Gene Expression Omnibus (GEO) (https://www. ncbi.nlm.nih.gov/geo/) (Affymetrix GPL570 platform, Affymetrix Human Genome U133 Plus 2.0 Array). 22 We analyzed fivePTCL samples (GSM146143-GSM146147) and fivenormal T-cell samples (GSM146182-GSM146186) using the R Statistical Package (R version 3.4.3), which differentially expressed genes (DEGs) in PTCL.
Functional and pathway enrichment analyses
To analyze the function of DEGs, biological analyses were performed using DAVID online database (https://david. ncifcrf.gov/), 23 which consisted of the Gene Ontology (GO) database and the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. The protein-protein interaction (PPI) network was predicted using the Search Tool for the Retrieval of Interacting Genes (STRING; https://stringdb.org/) (version 10.5) online database and constructed PPI network using the Cytoscape (version 3.6.1).
Determination of TLR4 and PD-L1
For immunohistochemistry (IHC) analysis, 3-μm-thick formalin-fixed paraffin-embedded sections were submitted. Briefly, one representative section of the tissue was cut and placed on poly-L-lysine coated slides. The slides were deparaffinized, dehydrated, immersed in 10 mM sodium citrate buffer (pH 6.0), and pretreated in a microwave oven for 10 minutes. After blocking with 3% hydrogen peroxide for 10 minutes at room temperature, the slides were incubated at 4°C overnight with primary antibodies for anti-TLR4 (ab-22048, dilution 1:100, Abcam, Cambridge, UK) and anti-PD-L1 (ab-205921, dilution 1:100, Abcam). Afterwards, the slides were stained using the Mouse and Rabbit Specific HRP/DAB Detection IHC Kit (ab80436, Abcam,) and IHC detection kit HRP/DAB (ab209101, Abcam). After visualization of the reaction with DAB chromogen, the slides were counterstained with hematoxylin and covered with a glycerin gel. For negative controls, the primary antibody was substituted with PBS to confirm the specificity of the primary antibody.
Evaluation of immunohistochemical staining
Tumor sections were evaluated to determine a consensus diagnosis by two pathologists who were blinded to the identity of the tissue. IHC score was acquired by the semiquantitative method of taking both the staining intensity and the proportion of cells stained into account. For TLR4, the staining intensity was scored into four categories according to the color of the immune reaction: no color, 0; light brown, 1; brown, 2; and dark brown, 3. The proportion of positively stained cells was determined and scored as: ≤5%, 0; 6-25%, 1; 26-50%, 2; 51-75%, 3; and 76-100%, 4. The expression level of TLR4 was obtained by multiplying the intensity and proportion score. A final score of 0-2 was considered negative for TLR4 expression (−, noted as 0); 3-4: weak positive expression (+, noted as 1); 6-8: moderate positive expression (++, noted as 2); and 9-12 was strong positive expression (+++, noted as 3). 24 Scores 0 and 1 were defined as low expression, and scores 2 and 3 were defined as high expression. For PD-L1, based on previous studies, the samples with <5% stained tumor cells were defined as negative (−, scored as 0).
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For >5% positive PD-L1 stained samples, the expression levels were further classified into three groups: weak staining (light brown, 1+, noted as 1), moderate staining (brown, 2+, noted as 2), and intense staining (dark brown, 3+, noted as 3) according to staining intensity. 26 Samples with negative and weak staining were defined as low expression, and samples with moderate and intense staining were defined as high expression for PD-L1.
Statistics
The statistical analyses were performed using SPSS version 23.0 (IBM Corporation, New York, NY, USA). The relationships or correlations between the groups were assessed using Fisher's exact test or Spearman's correlation test. Cox-regression analyses, both univariate and multivariate, were used to identify the independency of the expression status of these two proteins. Progression-free survival (PFS) was measured from the start of therapy to the first observation of objective disease relapse, progression, or death due to any cause. OS was measured from the date of diagnosis to the date of death from any cause. PFS and OS were determined by the Kaplan-Meier method and compared using logrank test. A two-tailed P-value <0.05 was considered statistically significant.
Results
Identification of differentially expressed genes (DEGs) in PTCL
We analyzed DEGs in PTCL compared with normal T-cell controls from the GEO database by bioinformatics analysis. A total of 2009 DEGs were identified, consisting of 993 downregulated genes and 1,016 upregulated genes (fold change ﹥2, FDR ﹤0.01, P﹤0.001) ( Figure 1A ). We found CD274 (PD-L1), PDCD1 (PD-1), and multiple TLRs (TLR2, TLR4, TLR8, TLR10) were upregulated ( Figure 1B) . To analyze the biological classifcation of those DEGs, functional and pathway enrichment analyses were performed using DAVID. GO analysis results showed that DEGs were signifcantly enriched in positive regulation of inflammatory response, immune response, cell adhesion, cell migration, and chemotaxis ( Figure 1C ). KEGG pathway analysis revealed that the upregulated DEGs were mainly enriched in ECM-receptor interaction, PI3K-Akt signaling pathway, chemokine signaling pathway, Ras signaling pathway, TLR signaling pathway, transcriptional misregulation, and proteoglycans in cancer ( Figure 1D ). The PPI network of DEGs was constructed, in which we found TLR4 had interactions with CD274 (PD-L1) (combined score=0.496) ( Figure 1E ).
Clinical results
To verify the relationship between TLR4 and PD-L1 expression, we first examined the expression of TLR4 and PD-L1 in PTCL. A total of 144 PTCL tissue specimens were collected in this study ( 
TLR4 and PD-L1 expression in PTCL
Immunohistochemical staining was performed to determine the expression level of TLR4 and PD-L1 in PTCL. TLR4 is a specific exogenous receptor for LPS, which plays a vital role in pathogen recognition and activation of the innate immune system. TLR4 is normally expressed in immune cells, such as dendritic cells and macrophage, but not on normal T-cells. On the other hand, activated T-cells can express PD-1 rather than its ligand, PD-L1. As shown in Figure 2 , TLR4 positive staining was localized to the cytomembrane of the carcinoma. Of 144 PTCL specimens, samples from 84 patients were classified as TLR4 low expression (58.3%) (Figure 2A ), and the rest (n=60) were classified as TLR4 high expression ( Figure 2B ). Immunohistochemistry with PD-L1 showed positive staining was mainly located on the cytomembrane of the tumor cells. Seventy-eight (54.2%) were classified as being PD-L1 low expression ( Figure 2C ), and the rest (n=66) were classified as PD-L1 high expression ( Figure 2D ). Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; IPI, international prognostic index; LDH, lactate dehydrogenase; PD-L1, programmed cell death-ligand 1; PTCL-NOS, peripheral T-cell lymphomas not otherwise specified; TLR4, toll-like receptor 4. 
Correlation between TLR4 and PD-L1 expression
We further discussed the relationship between TLR4 and PD-L1 expression. Among the TLR4 high expression group (n=60), 45 samples were PD-L1 high expression (75%), and 15 were PD-L1 low expression (25%). In contrast, among the TLR4 low expression group (n=84), only 21 were PD-L1 high expression (25%), and 63 were PD-L1 low expression (75%). The expression of TLR4 in PTCL tissue was significantly associated with PD-L1 expression (P<0.001) ( Table 2) .
Correlations between TLR4 and PD-L1 expression and survival in patients with PTCL
Kaplan-Meier survival curves are shown in Figure 3 . High TLR4 expression was significantly associated with worse progression-free survival (PFS) (10 vs. 8 months, P=0.021) and overall survival (OS) (21 vs. 15 months, P=0.016) ( Figures 3A and B) . Similarly, we found that the prognosis of PD-L1 high expression cancer patients was significantly poorer than that of PD-L1 low expression cancer patients with regard to PFS (11 vs. 7.5 months, P=0.002) and OS (19.5 vs. 15.5 months, P<0.001) (Figures 3C and D) . PTCL represent a heterogeneous group of diseases, including more than 20 subtypes according to WHO classification. Each subtype may have a different physiopathology, including TLR4 and PD-L1 expression. We further explored the effect of TLR4 expression on the prognosis of PTCL with different pathological types. As shown in Figure 4 , we found that, for patients with AITL, the prognosis of TLR4 and PD-L1 high expression was significantly poorer with regard to OS (P=0.027 and P=0.021, respectively), but not to PFS. For other pathological types, we found that the survival time of patients with low TLR4 and PD-L1 expression also tended to be prolonged. However, there was no statistical difference found for the small sample size (data not shown).
Univariate and multivariate analyses of TLR4 and PD-L1 expression with clinicopathological variables
Univariate analysis of PFS identified TLR4-positive expression (P=0.035), PD-L1 high expression (P=0.023), increased Ann Arbor stage (P=0.006), presenting with B symptoms (P=0.026), and lower leukocyte count (P=0.036) as significantly unfavorable prognostic predictors. Age, gender, primary site, tumor size, number of extranodal involvement, ECOG score, IPI score, LDH and HGB levels, PLT count, and Ki-67 had no prognostic value. Multivariate analysis was performed on the same set of patients. The result indicated that TLR4 and PD-L1 status, B symptoms, and Leukocyte count were independent poor prognostic factors (Table 3) .
Univariate analysis of OS identified TLR4 expression (P=0.033), PD-L1 expression (P<0.001), age (P=0.031), gender (P=0.026), increased Ann Arbor stage (P=0.013), ECOG score (P=0.016), IPI score (P=0.009), and leukocyte count (P=0.021) as significant prognostic predictors. Multivariate analysis indicated that TLR4 and PD-L1 status, gender, IPI score, and leukocyte count were independent unfavorable prognostic factors (Table 4) .
Discussion
The expression of TLR4 and PD-L1 in PTCL has been largely unstudied, and, to our knowledge, there are no studies that specifically investigate the expression of TLR4 and PD-L1 in PTCL. Our study is the first to examine the expression of these two molecules in PTCL by immunohistochemical staining. The results showed that the TLR4 expression level in PTCL tissue was positively correlated with the PD-L1 expression. Elevated TLR4 expression was significantly associated with primary site, increased Ann Arbor stage, and lower HGB levels, whereas PD-L1 expression was significantly associated with the number of extranodal involvements and the higher PLT count. Multivariate analysis further confirmed that both TLR4 and PD-L1 were independent unfavorable prognostic factors and that overexpression of either TLR4 or PD-L1 indicated a poor OS and PFS for PTCL patients. Currently, the role of inflammation in tumorigenesis and cancer progression has become evident, and it is generally accepted that an inflammatory microenvironment is an essential component of all tumors. 27 TLR4, the receptor for lipopolysaccharide (LPS), primarily induces inflammatory cytokines in immune cells, 28 but it is also involved in carcinogenesis and cancer cell survival. Although TLR4 expression has been reported in a variety of tumors, 8, 9, 11, 29 TLR4 expression in patients with PTCL had not been studied. In the present study, we found that high expression of TLR4 was observed in 41.7% of all PTCL patients (60/144), and most frequently in patients with PTCL-NOS (58.8%) and ALK + ALCL (50.0%). More specifically, we found that the expression of TLR4 in primary extranodal PTCL (64.3%) was significantly higher than that in primary nodal PTCL (36.2%). Extranodal NHLs account for approximately one-third of all NHLs. Data from large studies reported in the literature have shown that the gastrointestinal (GI) tract, skin, nasopharynx, and bone are the most common sites of ENHL. 30, 31 These sites are in contact with the outside world and are more susceptible to infection by pathogenic microorganisms, resulting in the production of inflammation. The GI tract is the most frequently involved site of extranodal localization, accounting for 30-40% of extranodal lymphoma 32, 33 and from 4-20% of all NHL cases, 34 which are associated with chronic Helicobacter pylori (H. pylori) infection in twothirds of cases. 35 The GI tract is not the most common site of extranodal involvement in PTCL. In this study, five patients were diagnosed as primary gastrointestinal lymphoma, of which three were PTCL-NOS, one was ALK − ALCL and one was ALK + ALCL. All of the above five patients had high expression of TLR4. In addition, Epstein-Barr virus (EBV) infection was observed in 50-60% of nasopharyngeal lymphoma. 36, 37 We speculate that infection can lead to chronic inflammation, which is one of the important reasons to promote the expression of TLR4. As a ligand on tumor cells for the checkpoint receptor PD-1 on the surface of T-cells, tumor-associated PD-L1 has been shown to inhibit tumor-specific T-cell-mediated immunity and cytotoxic T lymphocytes (CTL)-mediated lysis by interacting with PD-1 and other potential unknown receptors on T-cells to induce T-cell apoptosis and impair cytokine production. [38] [39] [40] Moreover, it has been reported that overexpression of PD-L1 is closely associated with the poor prognosis in several tumors, including renal cell carcinoma, esophageal cancer, and malignant melanoma. [41] [42] [43] [44] [45] However, clinical significance of PD-L1 expression in PTCL is still unknown. In the current study, we found that PD-L1 expression was observed in 45.8% of all PTCL patients (66/144), most frequently in patients with PTCL-NOS (58.8%) and AITL (50.0%). Moreover, we found that the expression of PD-L1 in TLR4-positive PTCL was significantly higher than that in TLR4-negative PTCL. In TLR4-positive specimens, 75.0% (45/60) of patients were PD-L1-positive, and 25.0% (15/60) of patients were PD-L1-negative. In contrast, in TLR4-negative specimens, only 25.0% (21/84) of patients were PD-L1-positive, and 75.0% (63/84) patients were PD-L1-negative ( Table 2 ). The data shown here clearly demonstrates that PD-L1 expression is closely associated with TLR4 expression in PTCL (P<0.001). TLR4 activation in Langerhans cells has recently been shown to induce PD-L1 and favor tolerogenic properties in the oral cavity. Beswick et al 46 In addition, we found that PD-L1 expression in patients with normal platelet counts (48.5%) was significantly higher than that in patients with thrombocytopenia (11.1%). Recently, Nakayama et al reported that lower platelet counts were associated with worse OS for patients with NHL. Moreover, Piccaluga et al 48 suggested that platelet-derived growth factor alpha (PDGFɑ), which was initially found in platelets and is released from platelet alpha particles at the early stages of injury, could promote PTCL cell proliferation. Whether PLT derived liquid factors, such as PDGFɑ, promote the expression of PD-L1 remains to be explored in the future. In this study, we also explored the effects of TLR4 and PD-L1 expression on the prognosis of PTCL. We found that TLR4 expression in PTCL tissue was negatively associated with the PFS and OS in enrolled patients. Similarly, PD-L1 high expression patients showed significantly lower PFS rates and OS rates when compared with PD-L1 low expression patients. Our observations confirmed that TLR4 and PD-L1 are poor prognostic marker for patients with PTCL. Yu et al 49 demonstrated that Fusobacterium nucleatum can activate the TLR4/MyD88 pathway in colorectal cancer cells, promoting resistance to chemotherapy. It has also been reported that triggering of TLR4 on metastatic breast cancer cells could reciprocally regulate the expression of αvβ3 and promote αvβ3-mediated adhesion and invasive migration of the cells. 50 These studies are consistent with our experimental results, suggesting that the expression of TLR4 in PTCL affects the proliferation, invasion, and drug resistance of tumor cells, and targeted therapy for TLR4 may become a promising potential therapeutic target for PTCL. Recently, immunotherapy with PD-1 and PD-L1 targeted monoclonal antibodies has dramatically changed the therapeutic and prognostic landscape for several types of malignancy, including metastatic melanoma, non-small cell lung cancer (NSCLC), renal cell carcinoma, bladder cancer, head and neck cancer, Hodgkin lymphoma, etc. The detection of PD-L1 expression by IHC has become the most widely used clinical method to predict the efficacy of PD-1/PD-L1 inhibitors. Many studies have shown that both the objective response rate (ORR) and the OS of PD-L1-positive patients after PD-1/PD-L1 inhibitors treatment were higher than those of PD-L1-negative patients. Currently, several clinical trials are going on to estimate the efficacy and safety of PD-1/PD-L1 inhibitors in the treatment of PTCL. 51 Our results
shown here suggest the potential effectiveness of this therapy.
In conclusion, our study is the first to explore the expression of TLR4 in the context of PTCL and suggests that high TLR4 expression is associated with worse PFS and OS in patients with PTCL. We further demonstrated that PD-L1 expression was negatively correlated with PFS and OS. Furthermore, both highly expressed TLR4 and PD-L1 are correlated with poor prognosis. Therefore, based on the current results, clinical trials will be needed to test combination therapy with multiple checkpoint blockades to enhance antitumor activity. Thus, the potential differential therapeutic implications of these immune checkpoint molecules should be further investigated.
